Introduction

Metolachlor
[2-chloro-2'-ethyl-N-(2-methoxy-l-methylethyl)-6'-methylacetanilide], is widely applied to soil in annual upland weed control. Many reports have given the adsorption, mobility, residue and performance of metolachlor in soils2, 3, 8, 9, 14) its inhibitory characteristics on plant growth4), the effects of residue on rice1) and influence of soil water content on metolachlor injury to corn10, 13) However, these reports have provided little information on the relationship between the performance of metolachlor in soil and its inhibitory activity on plant growth. In our previous reports11,12), the inhibitory activities The objectives of this study were to confirm the relationship between the inhibitory activity of metolachlor applied to upland soil on plant growth and ingredient concentration in soil water with different amounts of precipitation.
Materials and Methods
Soybean cultivation and metolachlor applica- The metolachlor contained in the filtered and washed water was combined and extracted with 10 ml of n-hexane after addition of 1 g of NaCI.
The extraction procedure was repeated several times. The n-hexane layer was dehydrated on separator filter paper (Toyo 2S). This n-hexane layer was then evaporated to dryness and subsequently made up to 4 ml by acetone for gas chromatograph (GC) analysis.
2) Water insoluble metolachlor
Fifty ml of acetone was added to a flask containing the soil sediment which had been extracted with water as described above and the flask was allowed to stand overnight at room temperature. After vigorous shaking for 30 min., the mixture was filtered through a Kiriyama funnel onto glass fiber filter paper. The residual soil was washed with 30 ml of acetone and the acetone solutions were combined. The acetone-soluble extracts were concentrated under reduced pressure in a water bath kept at 40C, put into a separatory funnel, and added with 5 ml of 4% NaCI solution. Extraction by n-hexane was repeated 2 times. The n-hexane layer was separated and dehydrated with separator filter paper (Toyo 2S). The n-hexane was evaporated under reduced pressure and the residue was made up to 4 ml by acetone for GC analysis.
Metolachlor determination
Metolachlor was determined according to the modified analytical method for pesticide residue5) by GC (HP 5890) equipped with a nitrogen-phosphorus flame ionization detector. The column was 2% OV-101 on Chromosorb W (100-120 mesh). The temperatures of column, detector and injection port were 200, 300 and 280C, respectively. Carrier gas flow rates were as follows: nitrogen 24 ml/min, air 100 ml/min and hydrogen 3 ml/min. The detectable limit of metolachlor was 0.05 ppm and the recovery from the soil fortified with metolachlor was over 80%. Standard metolachlor used for GC analysis was contributed by CIBA-GEIGY (Japan), Ltd.
Assay for inhibitory activity on plant growth Italian ryegrass (Lolium multiflorium Lam. cv. Waseaoba') was subjected to an assay of the growth inhibitory activity of metolachlor in soil. The seeds were germinated on wet filter paper in a petri dish at 25C for 24 hours and the uniformly germinated seeds were placed in glass tubes (2cm diameterx7cm depth) which were packed with the soil from the metolachlor treated upland fields. The tubes were kept for 3 days in an incubator (25C, 4 klux) and the shoot lengths of the plant were measured. Three seeds were used per tube with 4 repetitions.
Results and Discussion
1, Residues of metolachlor in soil
The residues of metolachlor in the soil are shown in Figs. l and 2. On the day of application, the herbicide's water-soluble ingredients were determined as 2pg/ml fresh soil at the rate of 1.8kg ai/ha; at the rate of 3.6kg ai/ha they were 5 pg/ml in 1990 and 7pg/ml in 1991 (Fig.1 ).
In the same way, the water-insoluble ingredients of metolachlor were 4 pg/ml at 1.8 kg/ha and 9 pg/ml at 3.6 kg in 1990, and 3pg/ml and 7pg/mi in 1991 respectively (Fig. 2) . The total amount of metolachlor detected with the 1.8 kg and 3.6kg ai/ha applications, therefore, was estimated as 6 p g and 14pg/ml in 1990, and 5pg and 14pg/ml in 1991, respectively. Thus the total residues of Application rate of metolachlor: 0 1.8kg ai/ha, A3.6kg ai/ha metolachlor on the day of application in the two years were almost idnetical.
The dissipation pattern of metolachlor in soil in 1991, however, was clearly different from that in 1990. The total residue of metolachlor in 1991 after 12 days was reduced to 0.8pg/ml and 3.9 pg/ml in fresh soil with 1.8 kg/ai and 3.6 kg ai/ha application, respectively. Bravermann et al2)., pointed out that metolachlor probably moves through the soil profile whthin the range of 0 to 7.5 cm of the soil surface and that its half life fluctuates with the precipitation, being calculated to be 60 days in a year of little rainfall but 13 days in a year of enough rainfall. Walker and Zimdah114) also reported that the persistence of metolachlor depended on properties of the soil and suggested that it was more persistent in dry land than in irrigated land, even in the same soil.
In the present study, the half life of total metolachlor at a soil depth of 0 to 5 cm was calculated from the data shown in Fig. l and Fig.  2 to be 40 to 60 days in 1990 and 4 to 5 days in 1991. The half life of its water-soluble ingredient, however, was computed as 6 to 12 days in 1990 and 3 days in 1991 (Fig.1) .
Precipitation in 1991 totaled 288mm, over 2 times the 136mm in 1990 (Table 1) . In 1991 recorded rainfall was 101. (Fig. 4) . Growth in the soil from which these ingredients had been extracted was little inhibited, whereas growth in the fresh soil before extraction was remarkably inhibited. In both types of soil application rate and time had a bearing on plant growth. No growth inhibition was found in soils from which water-soluble ingredients had been extracted 30 days following 1.8kg ai/ha application or 60 days following application of 3.6kg ai/ha (Fig. 4) , although these amount of water insoluble metolachlor remained about 1ug/ml to be matched for three times dosage of 50% inhibition on plant growth by water-soluble metolachlor (Fig. 3) of fresh soil (Fig. 3) . This inhibition seemed to correspond to oat growth, since 0.3ug/ml of metolachlor was roughly estimated to be 2x10-6 M in the soil water.
There has been no information on the herb- 
